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poles (301, 401) which are separate mechanical parts 
and are assembled to form a stator. The poles (301, 
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yoke carrying magnetic flux between the poles. This 
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AN ELECTRIC MOTOR AND ITS FABRICATION 
Technical Field 

The invention is concerned with methods of designing and 
producing stators for in particular brushless motors /generators 
and the motor/ generator stators and motors/generators thus 
produced. 

Background of the invention and prior art 

To obtain highly efficient electrical motors some 
requirements are commonly understood. The design should give 
short amounts of current conducting winding material that is 
outside the stator parts that are highly permeable for magnetic 
flux. The design should also permit much current conducting 
winding material in the winding slots. Further , the thermal path 
between the current conducting winding material and the 
intermediate heat sink like the outer housing of the motor should 
be good enough to keep the winding temperature at an acceptable 
level at power losses that the outer casing can dissipate at 
acceptable surface temperatures. The design should also give 
stators that are mechanically robust. 

Brushless DC motors have their windings in the stator. Most 
stators are three-phase and have stator windings similar, to that 
of a three phase induction motor. 

Almost all electric motors with alternating current stator 
windings (including brushless DC motors and induction motors) in 
sizes up to some 10 KW have their stators made of lamination 
sheets that cover the whole circumference of the motor. These 
punched laminations are assembled together by welding or other 
means to form a rigid hollow cylinder. Thereafter the winding 
slots are insulated. The windings are wound outside the stator 
and thereafter inserted in the slots. This method does give two 
disadvantages . 

The first disadvantage is that it does not permit a very 
orderly arrangement of the winding wires in the winding slots. In 
order to obtain a very high utilization of a winding slot in a 
stator, the wires should run parallel to each other. For wires of 
circular cross-section, a hexagonal arrangement where each wire 
is surrounded by six other wires is normally the most efficient 
arrangement. 

The second disadvantage is that a prewound winding coil must 
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have a considerable surplus length to permit insertion in a 
stator winding slot. In the case of overlapping polyphase 
windings, a certain excess length is required to permit insertion 
of a winding without being locked by the other phases. In the 
case of salient poles , a certain excess length is required to as 
the winding must be heeled over the pole tooth head portions. 
This results in unnecessary current conducting winding material 
that is outside the stator parts that are highly permeable for 
magnetic flux. 

Figure 1 illustrates a rolled-out view of a conventional 
stator with overlapping phases as seen from the rotor. 

The arc 101 shows one part of the current conducting winding 
104 that is not inserted inside the flux permeable part of the 
stator, while 103 shows a part that is inserted inside the flux 
permeable part of the stator. 102 shows the stator pole as seen 
from the rotor . 

Figure 2 illustrates a rolled-out view of a conventional 
stator as seen from the rotor of a brushless motor as disclosed 
in the published International patent application WO-A1 92/06530. 
These motors, and motors as disclosed in the published 
International patent application WO-A1 93/15547, have windings 
consisting of groups of stator poles 201, each having a simple 
coils 2 02 around it. In the case of motors as disclosed in the 
cited International patent application WO-A1 92/06530, the gaps 
between different pole groups are bridged by balancing poles 203 . 

A common problem in the winding of motor stators is to reduce 
the amounts of current conducting winding material that is 
outside the flux high permeable stator parts. This material is 
shown separately as 101 and 204 in figures 1 and 2 respectively. 

The US patent 3,792,299 discloses a stator for an electric 
motor comprising an outer annual yoke and a plurality of radially 
directed stator teeth. In another embodiment (figure 7) in the 
same patent, the yoke is assembled of a plurality of yoke parts. 
In both cases, the flux carrying parts of the stator consists of 
separately punched stator teeth. The winding of the stator is 
made by first arranging the stator teeth so that during the 
winding procedure, the slot spaces for the stator winding will be 
open radially outwards. This permits a winding with far less 
surplus length as there is more freedom in adjusting the coils of 
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the different phases of the vinding to each other during 
assembly. After the winding procedure these openings are ^closed 
by a stator ring or yoke, whereafter moulding together of 
winding^ stator teeth and stator yoke is carried out by means of 
lacquer or moulding compound to a rigidly assembled stator unit. 

The US patent 3,353,046 discloses a stator produced from a 
cog-wheel shaped stator teeth set. After winding, impregnation 
with a thermosetting resin and baking, the resulting solid body 
is ground down to an outer diameter that fits an outer, cylinder 
shaped yoke ring. After that the yoke cylinder is assembled and 
fixed by another impregnation and baking process, the common base 
of all the stator teeth is ground down from the inside so that 
the base disappears and the required gaps between each stator 
tooth appears. 

The US patents 2,459,673, 2,517,105, 2,654,037, 2,655,613, 
2,687,483, 2,691,113, 2,745,031, 3,449,607, 3,549,926, 3,612,930, 
3,740,600, 4,246,505, 4,433,262 and 4,816,710 and the published 
International patent application WO-A1 92/10021 disclose various 
ways to design electrical machines with yokeless separate salient 
poles which are assembled on a stator or rotor yoke. Most or all 
of these designs have solid (not laminated) poles and/or yokes 
and seem to be designed exclusively for poles with DC current 
coils to be used as stator field magnets (interacting with 
laminated rotors in mechanically commutated DC machines) or rotor 
poles for synchronous machines (interacting with laminated three- 
phase stators) . 

The published International patent application WO-A1 92/03870 
discloses a design where laminated salient poles can be assembled 
into a laminated stator yoke. The assembled stator shape 
corresponds to stators commonly as field in a mechanically 
commutated DC machine) . 

Summary 

A purpose of the invention is to provide a brushless motor 
stator that permits much current conducting winding material in 
the winding slots. 

Another purpose of the invention is to provide a brushless 
motor stator that give short amounts of current conducting 
winding material that is outside the stator parts that are highly 
permeable for magnetic flux. 



WO 95/12912 



PCT/SE94/01026 



4 

Another purpose of the invention is to provide a brushless 
motor stator that permits a low thermal impedance to the 
intermediate heat sink. 

Another purpose of the invention is to provide a brushless 
motor stator that permits automated, space efficient winding of 
the winding wire. 

Another purpose of the invention is to provide a brushless 
motor stator that permits the use of oriented stator material. 

Another purpose of the invention is to provide a brushless 
motor stator that permits efficient use of the rolled material 
used for the laminated stator, thus permitting the use of higher 
cost high quality rolled material. 

Another purpose of the invention is to provide a brushless 
motor stator that permits small interpole air gaps between the 
stator teeth close to the stator to rotor air gap, and that 
permits this also in case of large diameter winding wire. 

Another purpose of the invention is to provide a brushless 
motor stator that has a low weight. 

Another purpose of the invention is to provide a brushless 
motor stator where little axial space is required in front etch 
and rear of the magnetically permeable part of the stator. 

Another purpose of the invention is to provide a brushless 
motor stator that efficiently c^n be cooled by forced air 
ventilation. 

The problems discussed above are solved by and the above 
mentioned purposes are achieved by the invention, the 
characteristics of which appear from the appended claims. 

The invention thus permits the design and production of 
stators for electrical machines with alternating current salient 
stator poles that have very short amounts of current conducting 
winding material that is outside the flux high permeable stator 
parts, that permits much current conducting winding material in 
the winding slots, that have an excellent thermal path between 
the current conducting winding material and the intermediate heat 
sink like the outer housing of the motor. It also gives very high 
utilization of the rolled sheet material used for the stator 
laminations and permits the use of anisotropic magnetic 
materials. 

The stator is thus built of separate parts that acts as 
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combined single poles and yoke arch segments. Each of these 
segments constitutes a part of the whole circumference of the 
yoke. Generally there thus in an electric motor/ generator poles 
which are separate parts and are assembled to form a stator. The 
poles comprise outer portions projecting in a circumferential 
direction from the main leg of the poles. These outer portions 
are engaged with each other, thus forming a magnetic yoke 
carrying magnetic flux between the poles. 
Brief description of the drawings 

The invention may be better understood from the following 
detailed description when read with reference to the drawings in 
which: 

Figure 1 schematically shows a common stator winding with 
overlapping phases as seen from the rotor. 

Figure 2 schematically shows a prior stator winding without 
overlapping phases as seen from the rotor.. 

Figure 3 shows a side view of a stator pole that constitutes 
a coil carrying stator arch segment in an electric motor. 

Figure 4 shows a side view a stator pole of the electric 
motor that acts as an unwound flux balancing stator arch segment. 

Figure 5 shows an axial view of the flux carrying parts of a 
complete stator. 

Figures 6a and 6b show an assembled stator in cross-sectional 
views in an axial plane and a radial plane respectively. 

Figure 7 shows a punch layout of the stator parts according 
to figure 3, 

Figure 8 shows a perspective view, as seen obliquely from the 
rotor , of three stator poles according to figure 3 and one pole 
according to figure 4 together with six devices acting as coil 
end winding supports and pole gap fixtures. 

Figure 9 shows a section along a radial plan of a winded 
stator pole illustrating how devices according to figure 8 acts 
as a coil winding support and pole gap fixture. 

Figures 10a and 10b show an assembled stator using coil end 
winding support and pole gap fixtures according to figure 8 in 
axial and radial cross-sectional views respectively. 

Figure 11 shows a side view of a portion of the stator of a 
linear motor using anisotropic materials. 

Figures 12a and 12 show an assembled stator in axial and 
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radial sections respectively,. 

Figure 13 shows a section along a tangential plane through a 
wound stator pole with winding support fixtures according to 
figure 8. 

Figure 14 shows an axial view of a coil end winding support 
and pole gap fixtures according to figure 8 designed to permit an 
odd number of winding layers. 

Figure 15 shows an axial view of a stator having interlocking 
surfaces on the stator parts. 

Detailed description 

The invention will now be described using exemplary 
embodiments suited to electrical machines like those disclosed in 
the cited WO-Al 92/06530 and WO-Al 93/15547. The description is 
only given in explanatory and clarifying purposes and is not 
intended to limit the invention. 

Figure 3 shows an axial, view of a stator pole that 
constitutes an arch segment of a stator of an electric motor. The 
pole 301 has an outer, basically circular-cylindrical segment 
side or surface 3 02 that in the assembled motor faces the motor 
casing, an opposite and concentric, inner, basically circular- 
cylindrical segment side or surface 303 that in the assembled 
motor faces the rotor, two basically radially oriented sides 304 
and 305 that in the assembled motor faces the adjoining stator 
parts, and a centre pole leg 306 intended to carry a winding. It 
is obvious that the pole can be very easily wound with a very 
efficient winding with much current conducting winding material 
in the winding slots. As the pole leg 306 being a separate part 
is freely accessible from all sides, automatic winding machines 
can wind a winding thereon with optimal stacking of the wire 
layers. In some cases, rectangular or other space optimising wire 
cross-sections can be used. The shape of the pole is adapted for 
isotropic magnetic materials in the stator. As described in the 
cited International patent application W0-A1 92/06530, the peak 
flux entering from the rotor side 3 03 will be divided into two 
basically equal parts that leaves the pole through the sides 304 
and 305 respectively. Assuming, that the flux density in the sides 
3 04 and 305 can be accepted to have the sane or somewhat lower 
value as in the pole leg 306, the added length of sides 304 and 
305 should be equal or somewhat longer than the width of pole leg 
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Figure 4 shows an axial view of another stator pole that 
constitutes a stator arch segment. The pole of figure 4 is not 
intended to carry a winding and is intended to act as a flux 
balancing pole as described in International patent applications 
PCT WO 92/06530. The pole 401 has a basically circular- 
cylindrical outer segment side 402 that in the assembled motor 
faces outwards, towards the motor casing, a concentric, inner, 
basically circular-cylindrical segment side 403 that in the 
assembled motor faces the rotor and two basically radially 
oriented sides 404 and 405 that in the assembled motor faces the 
adjoining stator. 

Each stator arch segment as 301 and 401 can be built in the 
conventional way of electrical motor fabrication. The most common 
way would be to use laminations of electric steel. The 
laminations can be kept together using glue, welding on the outer 
periphery 302 and 402 receptively, snapped together with the 
previous lamination sheet as is sometimes done to keep the 
laminations of transformer E-shaped cores together, etc. other 
materials like iron powder or ferrite parts are also possible, 
the stator arch segments then being solid. 

Figure 5 shows an axial view of the flux carrying parts of a 
complete stator comprising the elements shown in figures 3 and 4. 
The windings are not shown. During assembly, the stator parts 
should be kept together to reduce the air gap in the joints like 
501. They can for example be kept together by magnetic attraction 
from a centre piece (not shown) that arranges an inward pressure 
on the parts towards the centre, the axis of the motor. To avoid 
large eddy currents between meeting laminated packs in the joints 
501, a thin insulating foil 504 of for example polyimide like 
Kevlar can be inserted in each joint. The small pole to pole air 
gap 502 in a lateral or circumferential direction has two 
basically parallel short sides 503 as shown in figure 3 and 5. 
The shape of the gap with two parallel sides is advantageous for 
the ability of the distance keeping filler material like a 
thermal encapsulant to withstand tangential forces which during 
motor operation will act on the teeth. The motor torque 
corresponds to forces tangential to the surface 303. Such forces 
will be perpendicular to the small surfaces 503 that are pressing 
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on the distance keeping filler material, and these forces will 
therefore act as a pressure on the distance keeping filler 
material. 

Figure 6a shows an axial section of an assembled stator and 
figure 6b shows a radial section along the line B-B of figure 6a 
of the assembled stator, these figures also illustrating another 
front bell 601. Figures 6a and 6b do not show a complete stator 
system; the rear bell is not shown. 

The front bell 601 has a main body extending in a radial 
plane and an integrated annular member or cylindrical ring 
projecting therefrom. The ring member comprises at its inner 
surface a step 602 against which the stator parts like 3 01 are 
inserted in an axial direction. The coil winding is seen as two 
parts 603 protruding from the pole 301. 

Another step 605 at the inner side of the ring member of the 
front bell 601, at the open side of the member, act as a stop for 
a washer 606. The inner diameter of the washer is slightly larger 
than the inner diameter of the stator parts 301 and 401. During 
assembly, a tool (not shown) keeps the stator inner surface 
circular and in the correct position relative to the front bell 
601. The cylindrical outer surface of the tool engages the inner 
surface 607 of the front bell main body. In this way the front 
bell and the cylindrical outer surface of the tool creates a pot, 
which under vacuum is filled and impregnated with a thermally 
conductive and hard encapsulant like Aremco Ceramacast 645 shown 
as shaded area 608 in figure 6. 

The purpose of the ring 606 is to provide a thermal path from 
the winding part 604 to the intermediate heat sink in the shape 
of the front bell 601. Cut-outs 610 in the ring 606 are used to 
give an exit to winding connections 611. 

The high amount of conductive winding material in the winding 
slots and the short wasted winding length 204 gives a low amount 
of dissipated heat for a given number of ampere turns in the 
stator winding slot. This low heat amount has a very short path 
to the nearest metallic heat conductor like pole 301, front bell 
601 or rear heat sink ring or washer 606, and this short distance 
is filled with a thermally highly conductive encapsulant 608. 
Combined , this gives a motor that can accept many ampere turns in 
the stator winding for a given acceptable temperature of the 
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For extreme conditions including high speed operation, 
requirements of low weight and large variations of temperature," 
the front bell should be made of a not ferromagnetic material 
with a thermal expansion similar to the stator lamination. Front 
bells of alloys like Inconel X750 or titanium fits very well to 
the expansion coefficients of stators of iron or iron-nickel 
laminations and encapsulants like Aremco Ceramacast 645, all of 
them having linear thermal expansion around I0xl0~ 6 /K. 

For less demanding applications, cast iron housings or bells 
601 can be used having a sufficiently thick encapsulant barrier 
in the area marked 609 to limit the alternating flux leakage from 
the stator to create large eddy current losses in the housing 
601. For many applications, aluminium housings are also possible. 

Figure 7 shows how several stator parts or stator laminations 
according to figure 3 can be punched out .from a rolled strip, lit 
is evident that the material losses can be kept very low. The low 
material losses reduces the penalty of using more expensive 
materials like alloys containing Nickel or Cobalt, As the main 
flux path for all stator poles are parallel, anisotropic 
materials can be used. 

Figure 8 shows three stator poles 301 according to figure 3 
and one pole 401 according to figure 4 with six devices acting as 
coil end winding supports and pole gap fixtures. These devices 
will in the following be called semibobbins. Two semibobbins are 
put on the top and bottom of each pole 301. Each semibobbin has 
protruding parts 801, 802, 803 and 804, which secure each 
semibobbin in the tangential and radial directions relative to 
the stator pole 3 01. One purpose of the semibobbins shown in 
figure 8 is to facilitate the assembly of the total stator system 
before encapsulation with an encapsulant. Each semibobbin has a 
part 805 protruding from part 804. The part 805 acts as a 
distance keeping filler between adjacent stator parts 301 to 
maintain the inter-pole gap shown as 502 of figure 5. The surface 
303 of the stator parts 301 that in the assembled motor faces the 
rotor are in figure 8 shown with the parts 805 as distance 
maintaining elements. Between any adjacent poles 301 there are 
two distance elements 805. Between adjacent poles 401 and 3 01 of 
different kinds there is only one distance element 805. The 
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remaining end of the inter-pole gap between adjacent poles 401 
and 3 01 is maintained by a part 806 protruding from part 801, 

The front surface 808 of the six semibobbins will together 
with the parts 3 03 and 4 03 of the stator poles create an almost 
complete cylindrical surface against the rotor. In figure 8 one 
sixth of this surface is shown. 

The edges 807 of the front surface 808 will support the 
adjacent stator pole 301 or 401. In the position shown as 809, 
the central stator pole 301 is supported by the left semibobbin 
that is mounted on the lower stator pole 301. 

The edge shown as 8 07 would support the stator pole 401 that 
in a complete rotor would continue the stator in the upper left 
corner of figure 8. The rear surface 810 is shown as a continuous 
surface even though it in most embodiments would be equipped with 
slots or other devices to arrange the entrance and exit of 
winding wire. 

Figure 8 shows one sixth of an unwound stator. In normal 
production, each pole is wound before the different poles are 
assembled to make a complete stator. 

Figure 9 shows a radial section of a wound stator pole 3 01. 
The figure shows a section near the axial side of the pole so 
that the section passes through the protruding parts 801 to 806. 
In this embodiment the shape of the winding supporting sides 801 
to 804 are designed to accept winding wire of different 
diameters, and have therefore slopes that are 90 and 60° in 
relation to the pole axis or an axial central plan through the 
pole. This permits precision winding of several wire dimensions 
using winding machines. The winding layers will then be densely 
packed with the cross-sections of the wire being arranged in a 
hexagonal order. Also, the front ends of the poles 301 facing the 
rotor can be designed in a way optimal for the magnetic flux and 
still the windings can be made in an orderly way. 

The radius that the winding has to follow can be seen as 811 
in figure 8. This fairly large radius will permit the winding 
wire to enter the winding slot with the wires basically parallel 
to the motor axis, thus obtaining the high space utilisation 
shown in figure 9 • 

Another advantage of the stator design principle evident from 
figure 9 is that the wire diameter can be larger than the pole 
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gap shown as 502 in figure 5. 

Figures 10a and 10b show sections of a complete stator \* 
embodiment using semibobbins. stator, of an 

Figure loa shows a simplified section parallel to the axis 
For clarity, most of the details that are not in the section 
Plane are omitted. The lower end bell is included in the f 
for orientation purposes. figure 

axis^^i^if 3 SiMPlified 5ection Perpendicular to- the 
axis For clarity, most of the details that are not in the 
section plane are omitted. The figure shows a section through a 
level not too near the end of the pole so that the sectw'doL 
not go through the protruding parts 801 to 806 of the 
semibobbins. 

In the production principle for the eaboaiaent shown the 
stator 1B produced as a conpXete hol loW cyiinaer unit ^ha^ater 

The outer ring 1001 could advantageously be made of a not 
ferromagnetic material with a thermal expansion similar to' that 
of the stator lamination. 

witH T iL einb0d i lnentS ShOWn ±n figUre 3 to 10 show rotating motors 
with inner rotors and outer stators with isotropic stator 

material The invention is however applicable also. to rotating 

motors with inside stators and outside rotors, to linear motors 

and to stators built with anisotropic magnetic materials. 

Figure 11 shows a section of part of a linear motor stator 

using anisotropic stator material and semibobbins specially • 

designed for a certain wire dimension. Only two poles like lioi 

are shown. They are mounted on a preferably not ferromagnetic 

base 1102 and fixed in position by a mechanically rigid 

^0 6 rihe COr \ dUCtin9 —P^-t that fills the thin channel 

1106 The winding 1103 is kept in place by semibobbins 1104 
similar to those shown in figure 8. in the semibobbin of figure 
8, the shape of the winding supporting sides 801 to 804 are 
designed to accept winding wire of different diameters. The 
semibobbin shown in figure 11 is specially designed for a certain 
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wire diameter, and has several discrete steps 1107 that fits the 
wire diameter selected* 

Figures 12a and 12b show sections of another embodiment of a 
hollow cylinder stator unit. 

The stator consists of an outer ring 1201 with a step 1202 in 
the inner cylindrical surface thereof, against which the stator 
poles will be positioned during assembly. The inner diameter of 
the ring 1202 facing the poles could in this embodiment 
advantageously have a radius very close to the outer radius of 
the ring that consists of the stator poles. The stator poles 
could then be kept in place by a firm pressing down to the step 
1202, by light pressing down to the step 1202 combined with a 
locking fluid like Loctite or by light pressing down into a 
preheated ring 1201. The step 1202 also gives a ring with more 
stable form as the material thickness of the ring below the step 
1202 could be considerable. The remaining spaces 12 03 and 12 04 in 
the hollow cylinder is then filled with a stiff, thermally 
conductive encapsulant. 

Any force bending the position of any stator pole radially in 
the centre position would in this case meet balancing forces from 
the ring 1201 as any rotation of a pole requires a outward 
displacement of the outer ring 12 01, friction/glue shearing 
forces from the surfaces 1205 where the stator poles are in close 
distance to each other, forces from the stiff encapsulant in 
volumes 1203 and 1204 and forces from the pole gap fixtures like 
805 in figure 8. 

The outer ring 1201 - 1202 could be made of a not 
ferromagnetic material with a thermal expansion similar to that 
of the stator lamination. The ring can however for many 
applications be made of for example aluminium. In such cases the 
ring can with advantage be given a inside diameter that is 
slightly lower that the assembled outside diameter of the stator 
arc segments and be heated to a suitable temperature before 
assembly. After shrinking, such a ring will create a radially 
inward pressure against the stator arc segments. As punched parts 
normally have very small tolerances between batches, the 
resulting force could be kept within acceptable limits over a 
wide temperature interval. This radial inward force will act to 
reduce the gap between the stator arc segments, and will thereby 
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reduce the magnetic losses ixt these airgaps. Furthermore, : this 
force will also force the stator arc segments to align precisely, 
thus acting to reduce the variations of the interpole gap like 
502 between the stator teeth. 

In some embodiments of the invention, for example some of 
those which like the one illustrated in figures 12a and 12b 
create a substantial pressure on the stator arc segments, the 
interpole gap like 502 will get acceptable tolerances even 
without the distance keeping parts 805 of the winding supports. 
This permits a more simple shape of the winding supports. 

The embodiment of figures 12a and 12b highlights some of the 
advantages of the present invention as compared to previous art. 
For brushless motors and generators with non-overlapping 
windings, such as those disclosed in the cited International 
patent applications W0-A1 92/0653 0 and WO-A1 93/15547, flux 
entering into one pole tooth will exit through the two adjacent 
teeth. In a stator as that of figures 12a and 12b, this flux will 
pass only one air gap, and this air gap kept at a minimum width 
due to the external pressure of the outer ring 1201. As a 
contrast, stators as disclosed in the cited US patent 3,353,046 
consist of several parts, where the flux must pass two or more 
air gaps between stator parts, and where there is no low cost way 
to ensure a large pressure to keep the stator parts together 
during the hardening of the encapsulants. 

The embodiment according to figures 12a and 12b can in some 
applications be made without the addition of an encapsulant; this 
can be of interest in cases where the power dissipation is low, 
where high torque is only used during very short intervals and in 
applications where cooling with forced air ventilation inside the 
electric machine is preferred. 

A method of assembling a stator as the one illustrated in 
figures 12a and 12b will now be briefly described. The stator 
pole parts are produced by stamping or punching and the laminate 
sheets having a profile as that illustrated in figures 3 and 4 
are assembled into poles like 12 07 as described in connection 
with figure 4. Depending on the assembly method, the heat 
treatment to restore the magnetic properties are made either 
before or after the assembly to poles. 

The poles 1207 are then equipped with two semibobbins 1208 




WO 95/12912 PCT/SE94/01026 

14 

and 1209. The semibobbins can be secured to the poles 1207 by two 
turns of electric insulation tape. It will both secure the 
position of the semibobbins to the poles 1207 and ensure a 
sufficient electric isolation between the winding and the metal 
pole 1207, also along the only surfaces 1210 where the winding 
wire is not isolated from the metal pole by the semibobbins. 

The poles 1207 are then inserted into an automatic winding 
machine that winds an orderly, dense winding as illustrated in 
figures 12a and 12b. The winding entry end is locked by the 
winding, and the exit end can either be locked by a sharp turn in 
some wire exit slot (not shown) in the surface 810 , see figure 8. 
Alternatively, a specially treated winding wire can be used that 
bakes together when the winding machine heats the wire by 
injecting a high current pulse into the wire. 

The wound poles like 1207 made from laminated poles 301 and 
the unwound poles 1211 similar to the poles 401 are then arranged 
as illustrated in particular in figure 12b; they can be kept 
against a center cylinder by magnets in the center cylinder. The 
outer ring 12 01 is then heated to a suitably high temperature and 
the stator part ring is then pressed down into the ring 1201; in 
the section of figure 12a the ring is kept static or 
geometrically fixed and the stator ring is lowered into the hot 
stator ring. The wires from the poles are then connected to form 
a Y-connected stator of three phases, each phase containing six 
stator coils in series „ 

The stator ring is then inserted into a mould that later is 
filled by the encapsulant, and the stator is kept in the mould 
while the encapsulant is solidifying. If required, a light 
grinding can be made finally to ensure smooth surfaces against 
the front and end bells. 

Figure 13 shows a section through a wound stator pole with 
two semibobbins : The section is taken through the central part of 
the stator pole leg 306. The protruding parts like 802 and 803 
that fixes the position of the semibobbin are hidden behind the 
winding 1301 (shown as 809 in figure 8 and as 1004 in figure 10) . 

The bottom part 1302 of the semibobbin can advantageously be 
somewhat wider (in the horizontal direction as seen in figure 13) 
than the centre pole leg 306. This will hide the sharp corners 
like 1303 from the surface towards the winding wire. Before 
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winding, the semibobbins and .central pole leg can be wound with 
one or a few turns of high voltage insulation tape. The Z 
semibobbins can even have short, thin rims extending a short 
distance at the sides of the poles where the main body of the 
semibobbins is not located, these rims thus being located near 
the corners 1303 and also keeping the semibobbins in a correct 
position. 

As is evident in figure 13, the two semibobbins will permit 
the advantage of a good wire geometry in the winding slot. The 
large radius 811 given by the semibobbin will permit the wire to 
bend smoothly so that the wire is practically parallel to the 
side of the central pole leg 306 in the winding slot. 

Other advantages of having two semibobbins in place of one 
complete bobbin are evident from figure 13. If a one-part bobbin 
was to be used, the two extra sides of the bobbin would occupy . 
some of the space now being used for the innermost wire of the > 
winding 1301. If these two extra sides are made thin, they would 
break if the winding wire tension is high. With the semibobbins 
described above, the winding can be made using a suitable high 
tension in the wire. The only consideration of the mechanical 
strength of the semibobbins is that the wire tension must not 
deform the massive core of the semibobbin; this limitation is 
several orders of magnitude larger than the stability of the thin 
walls of a full bobbin and can normally be neglected. 

Figure 14 shows a semibobbin designed to permit an odd number 
of winding layers; this is accomplished by an entry opening 1401 
through the rear bobbin side (corresponding to 810 of figure 8) . 
This leads to a channel 1402 with a depth that is slightly larger 
than the diameter of the wire. This channel ends with a suitable 
bend to a exit channel 1403, the depth of which gradually 
decreases so that the depth is zero when the wire enters the 
winding slot in the stator. 

Figure 15 shows an axial view of a stator, where the previous 
radial end surfaces of the arc segments are replaced by radially 
interlocking surfaces. These surfaces act to align the stator 
yoke segments radially. 

While only a few embodiments of the present invention has 
been shown, it is obvious for those skilled in the art that 
numerous modifications may be made without* departing from the 
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spirits of the present invention, which should be limited only by 
the scope of the claims appended hereto. 
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. CLAIMS 

1. An electric motor/generator having a stator and a t rotor, 
an annular air gap between the stator and the rotor, said stator 
comprising an outer annual yoke carrying the magnetic flux 
between a plurality of radially directed stator teeth, most or 
all stator teeth having a winding in the form of a coil wound 
around one single stator tooth, all said stator teeth being 
produced as mechanically separate parts comprising the stator 
tooth, characterized in that all stator teeth also comprise a 
segment of the stator yoke. 

2. An electric motor/ generator according to claim 1, 
characterized in that the stator teeth in the assembled state are 
fixed in a rigid assembly by an outside ring which presses the 
stator parts radially inward. 

3. An electric motor/ generator having a stator and a rotor, 
an linear air gap between the stator and the moving part, the 
stator comprising a straight yoke and a plurality of stator teeth 
extending generally perpendicular to the yoke, most or all stator 
teeth having a winding in the form of a coil wound around one 
single stator tooth, characterized in that all said stator teeth 
are produced as mechanically separate parts comprising the stator 
tooth and a segment of the stator yoke. 

4. An electric motor /generator according to one of claims 1 
to 3, characterized in that the inner ends of the teeth are 
formed with pointed tooth shoulders wherein . adjacent shoulders 
are closely spaced apart to provide a narrow gap therebetween. 

5. An electric motor/generator according to one of claims l 
to 4, characterized in that the stator teeth and the wiring in 
the assembled state are fixed in a rigid assembly with a 
thermally conductive and electrically insulating moulding 
compound. 

6. An electric motor /generator according to one of claims 1 
to 5, characterized in that the coil winding wire during and 
after winding is mechanically kept in place in the axial ends of 
the stator poles by devices having parts facing and/or embracing 
partially the stator pole tooth thereby locating the device 
relative to the stator tooth, other parts of the devices being 
adapted to locate the wire relative to the stator pole in a way 
that facilities the winding of coils is such a way that the wires 
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of the coils will run parallel to the axial direction of the 
stator poles along the axial length of the stator poles. 

7. An electric motor/ generator stator according to one of 
claims 1 to 5, characterized in that the coil winding wire during 
and after winding is mechanically kept in place in the axial ends 
of the stator poles by devices having parts facing the stator 
pole tooth thereby locating the device relative to the stator 
tooth and other parts of the said devices being suited to locate 
the wire relative to the stator pole in a way that facilities the 
winding of coils with efficiently packed wires, in particular 
having the wire centres stacked in a 60-60-60 degree triangular 
pattern in the case of circular section wires. 

8. An electric motor/ generator according to one of claim 6 or 
7, characterized in that a coil winding locating device includes 
other parts suited to locate the stator poles relative to each 
other, especially to ensure that the pointed tooth shoulders at 
the inner ends of said teeth during and in some embodiments also 
after the process of moulding will be located evenly spaced apart 
to provide a narrow gap between adjacent teeth that is 
approximately equal for all teeth of the same stator. 

9. An electric motor/generator according to one of claims 1 
to 8, characterized in that the pointed shoulder parts of the 
stator poles close to the rotor are formed in such a way that the 
surfaces constituting the air gap between adjacent -stator poles 

are basically parallel. 

10. An electric motor/generator according to one of claims -1, 
2 or 3 to 9, characterized in that the stator poles during and 
after the moulding are kept in position by an annular outer ring 
being located outside the stator poles. 

11. An electric motor /generator according to one of claims 1, 
2 or 3 to 9, characterized in that the stator parts are kept in 
position by an annular outer ring being located outside the 
stator poles and applying a pressure against the stator parts. 

12. An electric motor /generator according to one of claim 10 
or 11, characterized in that the annular outer ring is made of a 
not ferromagnetic material with a coefficient of thermal 
expansion similar to that of the stator. 

13. An electric motor/generator comprising a stator and a 
rotor, an annular air gap between the stator and the rotor, the 



WO 95/12912 PCT/SE94/01026 

19 

stator comprising an outer annual yoke carrying magnetic flux '. 
between a plurality of radially directed stator teeth, most or r 
all stator teeth having a winding in the shape of a coil wound 
around one single stator tooth, the stator teeth being mounted as 
mechanically separate parts at an outer annular member, 
characterized in that the outer annual yoke is situated inside 
the outer annular member. 

14. An electric motor/ generator according to claim 13, 
characterized in that the outer annual yoke comprises separate 
parts, which are retained in their position by the outer annular 
member . 

15. An electric motor/ generator according to claim 14, 
characterized in that the separate parts are the stator teeth. 

16. An electric motor/ generator according to claim 13, 
characterized in that each stator tooth is integrated with the ^ 
adjacent part of the outer stator yoke. • 

17. An electric motor/ generator according to claim 13, 
characterized in that each stator tooth has a main body extending 
generally in a radial direction and parts protruding from the 
main body forming parts of the outer annual yoke. 

18. An electric motor/ generator comprising a stator and a 
rotor, an annular air gap between the stator and the rotor, the 
stator comprising an outer' annual yoke and a plurality of 
radially directed stator teeth, most or all stator teeth having a 
winding in the shape of a coil wound around one single stator 
tooth, the stator teeth being mounted as mechanically separate 
parts at an outer annular member, characterized in that the outer 
annular member and the stator teeth have such a shape that when 
the stator teeth are mounted inside the annular member they are 
retained in their position only by forces acting from the annular 
member inwards towards the axis. 

19. An electric motor/ generator according to claim 18, 
characterized in that the diameters of the inner annular surface 
of the outer annular member are a little smaller than the outer 
diameters of the assembly of the separate stator teeth when they 
are placed side by side before mounting inside the annular member 
and in the configuration to be mounted therein. 

20. An electric motor /generator according to claim 18, 
characterized in that each stator tooth has lateral surfaces 
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which are engaged with the lateral surfaces of the two 
neighbouring stator teeth. 

21. An electric motor/generator comprising a stator and a 
rotor, an annular air gap between the stator and the rotor, the 
stator comprising an outer annual yoke and a plurality of 
radially directed stator teeth, most or all stator teeth having a 
winding in the shape of a coil wound around one single stator 
tooth, the inner ends of said teeth being formed with pointed 
tooth shoulders extending circumf erentially, adjacent shoulders 
are closely spaced apart to provide a narrow gap therebetween, 
the stator teeth being mounted as mechanically separate parts at 
an outer annular member, characterized in that each stator tooth 
has lateral surfaces which are engaged with the lateral surfaces 
of the two neighbouring stator teeth . 

22. An electric motor/generator according to claim 21, 
characterized in that the lateral surfaces are located on parts 
of a tooth which protrude in generally circumferential directions 
from a main body of the tooth extending in a generally radial 
direction. 

23. An electric motor /generator according to claim 22, 
characterized in that the cross-section area of a protruding part 
is at least essentially larger than half of the cross-section 
area of the radial main body. 

24. An electric motor /generator according to claim 21, 
characterized in that the lateral surfaces are located at a 
radially outer places, adjacent to the outer annular member. 

25. An electric motor/generator comprising a stator and a 
rotor, an annular air gap between the stator and the rotor, the 
stator comprising an outer annual yoke and a plurality of 
radially directed stator teeth, most or all stator teeth having a 
winding in the shape of a coil wound around one single stator 
tooth, characterized in devices maintaining the coil winding wire 
mechanically in place during and after winding, the devices being 
located at the axial sides of the stator poles, the devices 
having inner lateral surfaces facing and in engagement with an 
axial side of the stator pole tooth and outer lateral surfaces, 
over which the winding wire passes, the outer lateral surfaces 
having a smooth, at least partly curved shape adapted to locate 
the wire relative to the stator pole in such a way that 
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facilities the winding of cqils so that the wires of the coils 
will run parallel to the axial direction of the stator poles 
along the axial length of the stator poles. 

26. An electric motor/ generator according to claim 25, 
characterized in that the inner lateral surfaces of the wire 
maintaining devices have a shape adapted to position the device 
at a correct place at the side of a tooth. 

27. An electric motor /generator according to claim 25, 
characterized in that the outer lateral surfaces of the wire 
maintaining devices have a shape connecting smoothly to the other 
sides of a tooth. 

28. An electric motor/generator comprising a stator and a 
rotor, an annular air gap between the stator and the rotor, the 
stator comprising an outer annual yoke and a plurality of 
radially directed stator teeth, most or all stator teeth having a 
winding in the shape of a coil wound around one single stator 
tooth, characterized in devices maintaining the coil winding wire 
mechanically in place during and after winding, the devices being 
located at the axial sides of the stator poles, the devices 
having inner lateral surfaces facing and in engagement with an 
axial side of the stator pole tooth and outer lateral surfaces, 
over which the winding wire passes, the inner lateral surfaces 
extending beyond the axial sides. 

29. An electric motor/generator according to claim 28, 
characterized in that at portions of the inner lateral surfaces 
where they extend beyond the axial sides thin edges are provided 
adapted to follow the other sides of the stator poles . f 

30. An electric motor /generator comprising a stator and a 
rotor, an annular air gap between the stator and the rotor, the 
stator comprising an outer annual yoke and a plurality of 
radially directed stator teeth, most or all stator teeth having a 
winding in the shape of a coil wound around one single stator 
tooth, characterized in devices maintaining the coil winding wire 
during and after winding mechanically in place, the devices being 
located at the sides of the stator poles and having lateral wire 
supporting surfaces supporting the wires in directions towards 
and outwards from the rotor, the lateral wire supporting surfaces 
having a shape adapted to permit a geometrically dense or 
densely-packed winding of the wire. 
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31. An electric motor/geperator according to claim 30, 
characterized in that the lateral wire supporting surfaces 
comprise an inner supporting surface located at angle of 30° in 
relation to the side of a tooth, on which an inner layer of the 
winding wire is wound, and an outer supporting surface distant 
from the rotor and located perpendicularly in relation to the 
same side of the tooth. 

32 . An electric motor/generator according to claim 30, 
characterized in that each wire maintaining device comprises a 
main body, having an inner lateral surface engaging an axial side 
of a teeth. 

33. An electric motor/generator according to claim 32, 
characterized in that the main body carries generally axially 
extending flanges. 

34. An electric motor /generator comprising a stator and a 
rotor, an annular air gap between the stator and the rotor, the 
stator comprising an outer annual yoke and a plurality of 
radially directed stator teeth, most or all stator teeth having a 
winding in the shape of a coil wound around one single stator 
tooth, characterized in devices maintaining the coil winding wire 
during and after winding mechanically in place, the devices 
having portions extending into a gap between the inner or front 
parts of neighbouring teeth, the portions being adapted to . 
maintain the teeth at the same or a constant distance from each 
other for varying forces occurring when the motor is in 
operation. 

35. An electric motor/generator according to one of the 
preceding claims, characterized in that the inner ends of said 
-teeth facing the moving part of the motor /generator are formed 
with pointed tooth shoulders extending circumf erentially , 
adjacent shoulders being closely spaced apart to provide a narrow 
gap therebetween. 

36. An electric motor/generator according to one of the 
preceding claims, characterized in that instead of a rotor a 
movable, generally flat or straight movable part is provided, the 
annular air gap being a gap extending generally straight, between 
generally flat surfaces of the stator and the movable part. 
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US-A- 


3663850 


16/05/72 


US-A- 


3727302 


17/04/73 




aw/ / 030*f 


22/01/57 


nunc 






W0-A1- 


8906874 


27/07/89 


AU-A- 


3050389 


11/08/89 






np-n T- 




01/09/94 » 








CD— A D— 
fcr f\»D 




07/02/90 




















ur 1 




04/10/90 








US-A- 


4816710 


28/03/89 


EP-A1- 


0045125 


03/02/82 


AU-A- 


7318881 


04/02/82- 








GB-A- 


2081027 


10/02/82 


DE-C2- 


2244806 




FR-A.B- 


2153025 


27/04/73 - 








□DA 


1 AflQ791 
l*HJ:J/£ J. 


15/10/75 








CD— A- 
bo A 




15/10/75 








1 IC— A — 
U J A 




18/12/73 








1 IC-.A — 
Uj A 




21/01/75 


6B-A- 


2109168 


25/05/83 


FR-A- 


2511817 


25/02/83 * 


DE-A1- 


2316870 


27/03/75 


BE-A- 


813273 


04/10/74 • 


DE-C2- 


3712226 


08/06/89 


FR-A- 


2613884 


14/10/88 








GB-A,B- 


2203597 


19/10/88 








JP-C- 


1881659 


21/10/94 








JP-A- 


63265537 


02/11/88 








SE-A- 


8801004 


11/10/88 








US-A- 


4808872 


28/02/89 


US-A- 


3008786 


14/11/61 


NONE 






EP-A2- 


0629034 


14/12/94 


NONE 
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